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Well 
The missing lirik in linear 
accc'! I e r at o r d CNC: I o p rn eo1 t is 
progressing quickly f r o m  the( 
to experirnental devie:e?, to 
a p pl i ca t io 1-1. 

I 
No getstherrnal energy for now. 

The Medical Radioisotopes 
FSesearch Program produces 
unique imaging agents for 
nuclear medicine research. 
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RFQ IS ALIVE 
AND WELL... 

L 
misinterpretation perhaps caused by 
translation difficulties. 

Manca repeated the same 
"astounding" statements in his 
presentation, writing, "The injection 

The combined By JOHN T. AHEARNE 

One of the telegrams sent during the 
jubilant hours after the extraordinarily 
successful Valentine's Day inaugural test 

requirements of 
continuous du tv. hi ah .- Y 

current and high 
reliability posed a 
unique challenge to 

of the radio-frequency quadrupole (RFQ) 
was to I.M. Kapchinskii at the U.S.S.R.'s 
Institute for Theoretical and Experimental 
Physics in Moscow. It simply stated, "The 
RFQ is alive and well at the Los Alamos 
Scientific Laboratorv." 

Eight years earlier, Kapchinskii had 
outlined a theory which described a 

accelerator researchers. 
linear accelerator system capable of 
focusing and accelerating low velocity 
subatomic particles with virtually no loss 
of particles from the beam. The concept 
was so revolutionary that, when it 
resurfaced at a LASL workshop in 1977, 
it was met with considerable skepticism. 

The theory found its way to Los 
Alamos via J.J. Manca, a Russian- 
educated Czech who years earlier had 
emigrated to Canada and, in 1977, was a 
two-year visiting staff member working 
here on means to accelerate particles at 
low velocities. 

In October of that year, Bob Jameson 
(now with the Accelerator Technology 
Division) organized a workshop to 
address the questions of beam quality- 
particle loss and the unwanted spreading 
of the beam in accelerators. 

Jameson asked Manca to present a 
paper at the workshop concerning his 
persistent notion that nearly complete 
particle capture at low velocities was 
possible-an idea that many felt was a 

energy can be as low as 50 keV and the 
capture coefficient remains close to 
100 percent." (The injection energy 
required to initiate the beam at LAMPF is 
750 keV.) 

"Because the concept was just what 
we were looking for, and because Manca 
was so persistent, we initiated a literature 
search and the Kapchinskii paper was 
the first analytical description we found," 
Jameson said. 

The LASL researchers discovered the 
paper in German, translated from 
Russian, and Jameson asked A.D. 
Cernicek to alleviate any possible 
language misinterpretations. Cernicek, an 
ISD-4 translator, teaches German and 
Russian at Los Alamos High School. 

The translator's efforts showed that 
Manca was correct in his interpretation 
of the literature. The formulas in the 
Kapchinskii paper were quickly analyzed, 
and excitement for the new concept 
began to grow. 

A team of LASL experts on accelerator 
structure development began to consider 
ways to turn the theory into reality. The 
group included Ed Knapp, now AT 
Division Leader, and AT-I Group Leader 
Don Swenson. (AT Division was formed 
in January of 1978.) The pair studied the 
theory, drew pencil sketches of their 
mental pictures of the structures, and 
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cvctiliially c:it~ic up witti a plastic modo1 
they could use as a visucil aid in 
explaining tlio structure to othors. 

Ihori i n  I cbruaty of 1978, LASL was 
askcrl, by tho Oflicc o l  I-Lision ncscnrctl, 
Officc of I:norgy Hescarch at i l O t ,  to 
tlcsigti and I-itiild an ac~:clorator, for 
I -I an fri rtl ' x F 11 si o n M at c r i a I s I r ra d i a t i o r i  
l o s t  (FMl-l.) facility, cap;ibIc of produciri!] 
a r i  intense and h;gh qu;ility bcam. -I h o  
pari i c: I o xcc !  I c rat o r n cr 
VMII "ticutrori factory" woiild reyuirc 
s i g i i if i c a r i t  a dva n cc s t ) c!y o t i d t k i  c stat e ~ of - 
t h c a r i  tc-!c:hriology of tho tirnc I he 

~iscl i i l  operating Iifc. Its output wocild be 
0. I atnpores, which is 21 Mlion -billiori 
prirlic:lcs i i  sccond. 

Hcc:ausc most of tothy's high-currcrii 
accclotaiors operate orily in a pulsod 
tnodc arid 1)todiir:e 1 0  io IO0 tiiyics Ics:; 
currcnt, the IFMI I's mnibiricd 
rc (4 ti i i o rrie r i t  s of conti t i  it o I I:; d I 1 ty , i.1 ig t i  
ciitrcnt, arid hg t i  rcliat:iiliLy posed a 
ctnic.luo challorigc to I AS1 ' s  Accelerator 
T ec t i  no I og y IL i v i s io n . I (Ita I I y n c w 
acce Iota t o r t cch niq IK: :; would have to t x  
dcvelopccl for the 1'MI-r. l.ticrc at the 
right placo and thc right time was tho 
fll (1. Ttic highly rcliablo 17: 0 would ineot 
t Ii csc r e q  I I  i r(: mi c nt s oc ci n o in ic a I I y a rid 
r j  f f i c ie n t I y ( s t x  a cc o t TI pari y i ng I; t or y ) . 

for tho I-MI 1 sponsor's eventual 
acceiitiirice of the I7FQ tticory as the 
avo ri I ic t owartl moct i rig t t IC rcq u i rcino nia 
at I larifortl. IFirst was thc realization that 
mectirxj ttic FMI I nceds in the oltl way:; 

atom, July/Aiigust 1980 

accclcrator WolJld have a 10- 10 %O-yCat 

-Two factors wcre prirrinrily responsiblo 

wo u I d pr esc n t i i n  t n R r i  se te c Ii r i  i c a I and 
ongirieoririg tiiificLiltics. Second was tho 
d wi r icl I i rig of : ;(: i c rit if  i c skeptic i srri i n t k i  e 

lerator corrii7iLinity alter the AT 
rcsearctiers hold ;I spring i 9 / 0  workshop 
to cxplain tho prornisc arid potential of 
thc! riow struc:tiirc,. Thc go-akieatf was 
given to desigti arid build the RTQ for 
I- I a r i l o  rd . 

Ttirco gerioral stcps would have to be 
;a (: c o I n 1) I i s t i  ed bel o ro t I i e fir st t c st, First , a 
c: o mi p I c!le u r i  (It: r :j t a. n d i rig of t I i e t t i  c ory by 

ssary. Swonson and 
Kii;ipp had devdopcd a gciicral 
uridcrslandirig of ttic tticoryp they wero 
the onos wtio tiad a fcel for tlic structure. 
With Iheir phys im descriptions and 
mod c I s ,  t h cy hc ga  r i  to hc I p others 

ovcrl the team toward 
;ary step to fruition- to 
codcs to sitnulate how 

piirticlcs woiilrl tiiove through such a 
:;tm:turc. 

Iliclt Stokes, wtio had worked on 
acculerator structurcs at ttic Van de 
Graaff, carnie froiri P-  Llivision to gciidc thc 
overall prograrn arid dcvclnp [he theory 
in trior(! detail. l loam tlynatyiicist Kcri 
(;ratitfall, arid Iatcr 13rucc Chitllcy from 
(hnad;i's Ctiallc Hivcr National 
hbotaiory, bogari crmtirig "soirie pretty 
fancy codes" i o  dcscribc the future RFO. 
lorn Wangler ~:iirio from Argonne to hclp 
with thcory anil desigrr. 

Gary notletir oi AT-4 briclged the yap 

iilong the cxpcrirricntal path by using the 
co m p I t t cr cot l os i r i  t ho act ua I d esig r i  i ng 

orid atid thirtl steps 

Eight years ago, I .M.  Kapchinskii ( left) 
outlined a revolutionary tticory for a linear 
accelerator. Later, V . A .  Tcplyakov (right), a 
co-inventor with Kapchinskii, reportcd on 
an experimental device. (Colleagoc 
Andrew in center) 

of the first HFQ. Jirn Pottcr, ari cxpert on 
radio - f re q (I c n cy cavi t i cs and ac cc I e r a t o r 
structiircs, was to bc thc man who "put 
tho molal togcttier." 

Thc hardware part of the experiment 
had to be completely done from scratch. 
AT researchers made repeated requests 
to visit V.A 'leplyakov at the Serpcikov 
Institute for High Energy Physics, 
IJ.S.S.I1., who was a co-inventor with 
Kapchinsltii and had rcported in thc 
litcraturc on an cxpcrirnerital dovico. 
I hey hoped to see what sort of hardware 
approach the invcntors had taken. (Ed 
Knapp did have ttic opportunity to 
discuss the theory with Kapchinsltii.) 
Ilespite two years of effort, permission 
for the trip was ncvcr received frorn tho 
Soviet:;, arid i t  is not known for surc 
whether an HFQ structure was ever built 
in the U.S S.R. 

Potter, aided by Fred I-Iumphry, made a 
number of shcet-metal models and tuned 
[hem in his laboratory, developing 
proccdurcs to achieve thc required field 
distributions in the structure, and working 
out a rriethod to provide radio--frequency 
powcr. In parallcl with Potter's activitics, 
I-lanfor'd's Stevc Willianis made a high 
power tcst section to investigate how 
much voltagc could be applietJ to the 
vanes bcfore sparking bctwcen theni 
occurred. Potter and Williams also bcgari 
lo develop rnorc computer codes for the 
most vital step in producing the first 
proof-of-principle RFO-thc dolicatc and 
precise job of cutting the vanes in 
L A W S  Shops Department (SID). 

.~- 
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AT scientists agree that the RFQ 
development would have been 
impossible without SD, headed by 
Joseph F.B. Szoo, and its one-of-a-kind 
numerical milling machine. The machine, 
programmed and monitored by SD 
experts, is capable of milling metal to 
precise tolerances as described by 
mathematical formulas. At least three 
dozen machinists and technicians were 
involved in the RFQ work; the main job of 
cutting the vanes was done in Shop 13 
of SD-1, headed by Ed Aiggs with 
supervisor Leroy Wampler. Working 
closely with Potter and Williams on the 
milling machine programs was Otto 
Maier of SD-DO. Given that the waves 
and scallops on the vanes of the RFQ 
must conform to the movement of 
particles through electrical fields 
alternating at 425 million cycles a 
second, the accomplishment of such 
precision is, in itself, a remarkable 
machining feat. 

Long-time mechanical engineer Chuck 
Fuller, AT-4, began the assembly for the 
first RFQ test. For the experiment with 
the real beam, sheet metal assemblies 
had to be replaced with a carefully 
engineered structure. Fuller, whose 
accelerator engineering experience 
began at PHERMEX, had to insure that 
the final precision required was achieved 
after all the parts were assembled. 

Final assembly began in the fall of 
1979 in Jim Stovall's PlGMl laboratory. 
Under overall proof-of-principle 
coordinator Milt Machalek, an AT-1 /AT-4 
team readied the hardware for the final 

TOP: Chuck Fuller displays an engineering 
design model. The plastic model is a full- 
scale quarter section model of the RFQ for 
Hanford's Fusion Materials Irradiation Test 
facility. The circular structure behind him is 
part of the drift tube accelerator. BOTTOM: 
(Left to right) Jim Stovall, Steve Williams 
and Milt Machalek examine the 
experimental RFQ in the PlGMl lab. 
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TOP A7 Division Leader Ed Knopp and 
Laboratory Ditecfor Don Kerr proudly show 
off the RFQ to the President of 
Westinqhouse Hanford Co , John Yasinsky 
BOTTOM AT researchers, Arlo Thomas 
( left) and Jim Potter, check out a cloverledf 
model of an RFQ whose outer iacket has 
been rwnoved 
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The missing link in linear accelerator development 
is progressing quickly from theory, to experimental 
device, to application. 

Two of the RFQ vanes are displayed by 
Shop 13 machinists (left to r ight) Alex 
Lopez, George Zakar and Ed Andolsek. 
Photo by Bob PeTa 

phase of the experiment Bob Hamm 
reconfigured the injector systems he had 
helped build for PlGMl to provide the 
proper input beam for the RFQ Hamm 
Crandall and Kim Melson laid out the 
input and output beam transfer systems 
Jim Stovall Dave Chamberlin, Brian 
Smith and their crews readied the beam 
transport lines, vacuum and beam 
diagnostic systems necessary to verify 
the RFQ performance An SD team 
working with P Division, including Ray 

6 

Squires and Donald Marten machined 
most of the remaining RFQ parts, guided 
assembly and made a tuning jig to 
precisely adjust the equipment 

ready The structure itself provided the 
drama for the initial run As the radio- 
frequency current was turned on low the 
device began sparking across the 
vanes-an expected and undesirable 
occurrence When sparking occurs 
researchers must wait until the structure 

In mid-February 1980 everything was 
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bo co in(! s ' ' ac c: 11 s t o r n c x  " to t h c c ci r r c? ri t 
arid slops sparking. 1 hcri they add moro 
power until il spatk:; xi:iiti, -I he qucsliori 
was wficthcr thn dcsirc!tl riowor c:oirld bo 
reached with no sparlcing. Power was 
reachcd. 1 hey tiirricd or1 Ihc beam Tho 
clcvico, toprcsc:ritiri{l miore than two ycars 
of work by tlororis of s(;ictitist!5, 
cmgi I ioo rs, t c x  h nici a ri s anti ma cli i n i st s ,  
op:r;itetJ irnmodiately and perfoctly. 

With the :;LI(:(:css, and whilc toslin<j 
coritinucs, I.ASL_ r;cientislr; can now 

Uick Stokes, Bob Janwson, i 
and Doir Swensori icrniniscc 
days when the RFO was lust 
conceptual model. 
Photoby LcHoy N. Sarlcher 

f'otn 
abo 
a pi 

Wangler 
ut the 
d i rn inary  

speculate trior(! on the poterrtiol of the 
rIl.0. [iocauso of it:; sir-nplicity anti 
economy, tho I I I  (3 promises to bo an 
itriportarit tlevcloprricnt in t h e  ovolutior, of 
pa i t  it: I e ;IC cc! I o I : iPo r s for m (2 tl i c n I 
;ipplications (to produc:o nculroris for 
cancer therapy ot pi-mosons :or pion 
tticrapy in ;I tiospilal crivironrnent), in the 
g c ncral i 0 n of rc sea rt: h ac cc' I e ra t 0 r s , a nd 
i r I  t ti (2  p ta ct i c a I a ti pl i cali on of x:cc I e ra to r 
tec:hriology to fic:ltls such as heavy ion 
drivcri fusion. 









"Vi r t ua I I y ;I I I p rr) b le rn i i  as so( ; ia t c d wit I i 
the Sigma tvles:~ operaion c a r  bc 
siirnmod u p  iri two words: lost 
c, i rc u I a t i o t i  ," said Dick f 1 I w i ri, 1 .A SI ~ 

matingcr for tl-ic r:xplor:itoiy dtillirig 
project . 

I ost circcilaiioii is a drilling tcrrii ~i:;etl 
to tlesct-ibc tho conditiori whcri drillin!] 
fluitl, o r  tnu t l ,  Io;iks into the surrountlitig 
florrriation as a tiole is twit-ig di'illetl. I loids 
cod x i c  lutiricxte drill bits, snvc or1 their 
wctir a n d  tcar, and scat Ihe WLIII of a 
borcholo in porous forniations. M o s t  
iruiportaritly, fluids c:lcari cuttings frnrri the 
holo during drilling Whori fluid is lost, 
ciittings may fall onto the drill string and 
caiiso dcwnholc; tools l o  j a m  

tic I)c a problcm to a depth of ti00 fect, 
D c:c;o t rl i r ig to a d rr-l f t  rc I )o rt by C) I w i r i  
( "Exril oral o ry G cot he r rri ;1 I I lo I c I r i  t e r i ni 
Report"). -1 t-ic Liltirnato goal at Sigma 
AAcsi2 was i t n  t h e  t-i<;.ighl)orliood of 
14,000 feet. Whcn circulation was lost at 
1 5 0  foct, jusi ;I fcw hciiirs after drilling 
hcLjati July 2, 191'3, tho crew was not 
srirprisetl. Spcx5al atfdiiivc:~ in ttrs fluid 
trclpetl for a while, ti-ieri c;ircLd- A t '  ion was 
again lorst a i  200 fcct. 

Llry drilling attempt 
(;row member:; dcc:itic?d to try "dry 

drilling" to GOO feet, wi i i re thcy hopctl 
circulation would no loiigct pose a 
prothm. Dry drilling is ii somcwhat 
niidcxiriing Icrrn. IDrillinij mud is  still 
pirtiiped tiownholc but it is  lost to the 
surrow d i ng rcick rat h c i  than rot uri 1 ing 
with 11ic rock culiirigt; to Ihe s i i r f xc .  

- I  hc hole W E I S  dry drilled to 600 I 
(:errwit trucks were c~1110cl in lo seal thrt 
PIOIC, Wtiilc awaiting tiic:ir arrivd, tho (:row 
c:orititiucd clrilliricj to 7Rl feet, whcrc lhci 
clrill string bocarnc stuck. 

After Ihe drill stririg was worked froe, 
thc holc war; coniplctcly ccinsntod to the 
surlar:r:. Orice again, thc rig began to 
drill ~ ttJis tirtnc in ccrnerit. The crew 
a,ttornptod tc.1 follow thn palh of thc 
cirigirial holc without wariderin!j into t h o  
h s t  w r r m o r  tlre rig wo(!cc:d ' / 'Of i f id  thci 
c:loclc clri\ l irry tho rock berrsnlh Sigrrra 
Moss. 

( : m;c i e nt i st s t i ad ox p( ?(: t ed (: i r c: u I i t i on 

porous rock fort-nation, which was softer 
t Ihi 1 n tli c cc mont ;f tid u 1 id  ou 11 tod I y wo iiltl 
ag ai i 1 cause lo: ;t ci rc 11 la t i or). 

,Just how diffciilt is i t  to redtill a holc 
with a rotating bit, following R previous 
path'? Ilraw a vviggly liric or1 ii shect of 
papcr, then try to totrace it with your 
c:ycs c:losed. I tic iilsk is altiri in difficulty 
to thai facctl by tho drillers. 

2,000 cement sacks 
"Orilling continued in a bootstrapping 

fashioti: drill, lose circulation, cement, 
drill. . . . " said Olwin. Frorn '700 to 1,400 
feet, morc than 2,000 sacks of cemcnt 
were used to plug areas of the borehole 
where drilling fliiid was escaping. Vhen 
the cenierit, too, began disappearing into 
the formation. In all, thousands of barrels 



I Lost Circulation Depth Sacks of Cement Used Cement Tag Depth 

I * *  First plug set at 7,472 feet. 

The sponge-like rock of drilling mud and cement were 
absorbed bv the soonae-like rock under 

I . ,  

Sigma Mesa 
At this point the crew had two choices 

to case the hole and reduce its diameter, 

absorbed thousands of 
barrels of mud and 
cement. or to continue dry drilling. The consensus 

was to continue dry drilling and not case 
the hole until reaching the bottom of the 
water table. There, the hole would have 
to be cased to protect the aquifer. 

"Drilling proceeded normally to a depth 
of 2,292 feet," said Olwin. Then the crew 
began pulling up the drill string to log the 
borehole and reconsider casing it. "About 
70 feet off the bottom the drill string 
stopped and could not be pulled up," 
Olwin recounted. The drill string parted, 
and consequently about 200 feet of 
drilling assembly fell to the bottom of the 
hole. 

A "fishing operation" (an attempt to 
recover the lost tools) continued 
unsuccessfully for nearly two weeks 
before the crew decided to drill 
directionally around the abandoned 
assembly. The drilling successfully 
detoured the obstacles, but the borehole 
walls began caving in on the drill string 
once the water table was reached. 

Last hope: dual-string 

felt, rested with a dual-string, reverse- 
circulation scheme of drilling. This 
technique has been successful in drilling 
holes in areas of lost circulation, when 
standard practices have failed. The 
scheme differs from conventional drilling 
in that two concentric drill pipes are 
used. 

The last hope to save the hole, Olwin 

12 

In standard drilling, fluid pumped down 
the center of the drill pipe returns to the 
surface between the drill pipe and the 
borehole wall. With the dual-string 
arrangement, fluid travels down the 
region between two drill pipes and 
returns up the center. This method 
requires less drilling fluid which, 
contained within the pipe, does not erode 
the borehole wall. 

LASL borrowed the necessary 
equipment from the Nevada Test Site, 
where the dual-string technique has 
proven highly successful. But the project 
ran into another snag. Only one reverse- 
circulation drill bit, 17.5 inches in 
diameter, was available. It was used to 
drill to 1,993 feet, where it wore out. 
Larger bits, 26 inches in diameter, were 
needed to enlarge the hole but would not 
have been available for two to three 
months. Other bits on hand were 
modified, but circulation was never 
regained using them. 

casing the hole. The crew had reached 
1,993 feet in the "sidetracked" portion, 
but set casing only to 1,627 feet because 
of problems in the aquifer zone. The final 
depth was a far cry short of the planned 
depth of 10,000 to 14,000 feet. On 
September 26, 1979, activity at Sigma 
Mesa ended because all funds had been 
expended, and none for fiscal year 1980 
were available. 

The final operation at Sigma Mesa was 

What now? 
What happens now? "We still think 

there's a good opportunity there (Sigma 
Mesa)," said Ed Sitzberger. "We're trying 
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to firid fund!;. Thcrc arc some 
possitiilities that wc may try to tap " 
S it7 berg (3 r head c: ti I h t: ii (~iw -ci i sb a 11 d R d 
task group that studied alternativo cnergy 
soitr(:cs for Ihe I.aboralory. 

hcld io  the time constrilit1t>; of a 
I )epiirinient of tricrgy tlirectivo requitiri<l 
national laboratories lo roducc natural 

Ac:i-:ordirig to hirn, is no longcr 

gas c;orisumpliori I)y SO percent by 1985, 
a n d  to diminati: use of that fuel by 2000 
I kio ricw policy, said Silrbcrgor, I:; to 
ciitriiriatc r\attlri.il yns usage as soon as 
i:; rexunablc. .  

I ii :;t ye B I' 's d r i I I i ricj o pc rat i o ri , so m o 
fuiitlitig, arid a little ILick, ILASL~ may yet 
li~ir) gcolherrrinl onorgy undor Sigma Mesa 

With t l io cxpi!riericc? and hindsight frorri 

"The assessment of a gcothermal 
resource hasn't changed. We just ran 
into problems that consumed the 
dollars," summcd up Sitzberger. 

Today fho wollhead is covered and the 
barron site is fenced off I f  funds are 
appropriated, the conciete pad may 
someday support another drill rig 





I t i  the nuclear rriedicino dcpartnierit of 
a U.S. hospital, Ur. Jorclari cxiimines 
z; pc? c I a I " 131 I ot on ra p t i  s" of pat i c! nt s to I i cI p 
hiin cli;igrio!:c their contlitions and 
prescribe trcatnierits Somc of the 
imago:; that tic holds n<jiIltIst t h e  
fluorescent ligtiting k)oard arc slandard x-  
rays, others were unknown a generatioil 
agii. -1 hcy arc images of I-ione structure:!, 
iritorii;il organs a n d  the vvtiole body 
produced with a !;pc:ci;il camera and 
rad i (1 p h a r  ma (:e u t i ciil :i, 

Aft i? r :;t ut1 y i ng t h e :;t ii t ic x .- ray - I i kc 
irnage:;, C)r. Jordan wail(:; down tho 
corri(lor anti into i i  room vvhere i i  patient 
is l y i r ~ j  ori 11 hospital bcd. A tfrurr-liko 
tlcvic:e hangs over tho p:lic:nt's chest. I )r. 
Jordiin injects ;I solution into llic patient's 
vciii with a leaded glass syringe arid 
c 11 i i t  :: In r if31 I y wit t i  th c pat ;E:  n t ex p la i r i i r i  g 
tho proc;edurc, then pust'ic-!s a few 
buttons rind adjusts some dials or1 ari 
iristrLimorit panel hookc:d itp to the drum- 
likt: tievice. A video scrwr i  above th(: 
patnel liglits up, displaying a pseudo- color 
filtri. I hc  fisi-sizecl orgari oti thc screen 

FAH I kFr: Marty Ott in>;erls the target at 
tho isotope production facility at L.AMPF. 
TOP: Jack tlarnos watciios tho insertion on 
CI rurriolo viewirrg screcri. IIIOTTOM: Jack 
t-larnos arid Kerr 'Thornins overseo delivery 
of 1/10 irtatlintctl tatgel til CNC-1 1's hol cdl 

foris, has just beon l i f trxl  from the well of 
the! spccislly dcsigned truck Dcrl. 7'hc 
tmitorn half of  the rnussivc! cask is rfratJc of 
o'upleled uranium oncasod in stecl; tho top 
half is /cad. 

fa: i / i ty .  'The C&Sk,  which wcighs flCar/y 6 

atanr, .lLlly//\ugust 1980 

of Ihe patient's heart 
is beating beiore our eyes. 

.l-liis isn't soiric vision from a 
pliycician's droarn or a sccrie from a 

cnco fiction rriovic. It's reality. Today. 
-I lie lic?ld of riiiclcar medicitno has 

come of agc. In  the 3,00O-.plus nuclear 
tried ic: i rie d epn r t me n t s i n h o s p i t a I s across 

si I: i a n 5; a ro perf o rrri i ng 
aiis" overy day. The 

itria(jin~j cricrgy lor thesc scans are not 
x--rays bearnod from a machine. These 
images are bciriy formod frort-i gamrna 
rays omitted frotn a r 
cc,mc:r:rilrates ii i  spec 
:;truc:tures of tho patient's body. 

14 IM d reds of i sntopea 

nd eli?c:troris but difloring 
ol neutrons are called isotopes. 
6 clcmeiits have isotopes. 

Slablo isotopcs of tho same clomerit 
kioh;ivo chcniiccilly alike, but cliffcr in 
rn il ss. I4 ;id i oa r: t i vc isotopes ( ra t-li o- 
isotopcs) are characterized by 
utistalilc nuclei thi-it "decay" tiy emitting 
radiatlori. 

- I  he carliest biochemical studies with 
r;rldioi:;otopes wore coriductec! in 1 924 by 
(George I-levc-,sy who used natural 
r;tdio;ictivc lead to irivostigate a 

ical procc:;~. l 'he iise of isotopic 
s beca rnc: popular, h owove r, on I y 

allor World War II, when artific:iiilly 
produccd isotopes were readily available. 
.lt-)tliiy, isotopes for 3 variety of nuclear 

tncdicine applications arc routinely 
produced in reactors and accelerators 
arid are available through rcgular 
rned i c a  supply c ha nricls 

The LASb connection 
Uriique resources of LASlL's Nuclear 

Chemistry Group (CNC-1 I )  and the 
Clinton P. Anderson Los Alamos Meson 
f'hysics Facility (LAMPF) together can 
produce isotopes that may create a 
rnajor impact on the nuclear medicine 
field. ILAMPF's intensc beam of mcdium- 
energy protons can bc used to botnbard 
massive targets of pure metals or metal 
compounds to produce radioisotopes. 
CNC-.I 1's researchers can chemically 
separate the medically useful isotopes 
froin the target materials using remote 
rnechanical arms in the group's hot cell 
facility. Together, LAMPF and CNC-1 1 
can produce unique isotopes that may 
be used to diagnose and treat patients 
with a variety of ailments. 

Who gets thcsc unique and valuable 
isotopcs? A protocol review committee 
comprised of nuclear physicians and 
scientists from across the U S .  meets 
twice ;I year to review proposals for 
L.ASI--produced isotopes. When a 
proposal is accepted, the requested 
isotopcs are supplied at no cost to the 
research group. 

TheI_ASI.Mcdical Radioisotopes 
Research Program concentrates on 
producing, purifying, and distributing 
Isotopcsto collaborating research groups. 
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"[Nuclear medicine is] a 
unique specia lty 
which combines the 
resources and 
expertise of chemistry, 
physics, 
engineering, and 
pharmacy with the 
ultimate aim of medical 
practice: the 
diagnosis and treatment 
of human 
disease. " 
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"Weconcentrate on isotopesthat we 
believe can best be made with the LAMPF 
accelerator," said Hal O'Brien, associate 
CNC-11 group leader. 

isotopes in the body 

patients in low doses, but sensitive 
equipment can detect and measure the 
concentration of radioactivity in the body. 
A variety of instruments can be used: 
relatively simple detection devices like 
Geiger counters can measure the 
radioactivity; sophisticated electronic 
equipment can produce images of 
certain organs or the entire body. 

Different isotopes are suitable for 
different needs. Iodine is taken up by the 
thyroid gland, for instance, and thallium 
and rubidium concentrate in heart tissue. 
An isotope may also be incorporated in a 
chemical compound ("tagged" or 
"labeled") to control the absorption site 
of the isotope. For example, technetium- 
99m can be tagged to a wealth of 
pharmaceuticals to modify the 
distribution of the isotope in the body. 

Technetium, a reactor-produced 
element, has no natural biochemistry. It 
and its derivatives have been used in 
imaging the whole skeleton, liver, kidney 
and brain. Its versatility stems from the 
ease with which it may be reacted with a 

Biological isotopes are administered to 

host of biochemicals to control where the 
isotope concentrates. 

In addition to technetium-99m, other 
"workhorse" isotopes-those used 
extensively for routine medical 
diagnoses-include iodine-I 31 and 
xenon-1 33 (reactor-produced) along with 
gallium-67, iodine-1 23 and thallium-201 
(produced in low-energy accelerators) 
Many commercial firms supply the 
nation's "nuclear medicine chest" with 
these isotopes 

Positron emitters 

proton accelerators decay by emitting a 
positron-a particle similar to an 
electron, but with a positive charge. 
When positrons and electrons react, they 
are converted into energy in the form of 
gamma rays. The production of positron- 
emitting isotopes has led to the 
development of positron imaging devices 
with applications that far surpass 
conventional techniques such as x-rays. 
"The emergence of positron scanning 
has opened a broad spectrum of 
radioisotopes that are potentially useful in 
medicine," said O'Brien. 

Early research into positron imaging 
used carbon-1 1, nitrogen-1 3 and 
oxygen-1 5 because these elements are 
the building blocks of biochemicals. 

Many radioisotopes produced by 
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INIicri ti rnolylrdenurrr torget i s  irradiated 
with protom, the above ratlioisotopcs or<! 
prodi  iced. 

I hese isotopcs, tiowever, have not fourid 
wicicspread applicatioris becausr! thoir 
shorl hall-lives (20, .I 0 ant1 2 tninutc:;, 
iospoclivoly) rcqiiire a rc:;carcher to 
have ac:c:ess to a low-i:ricrgy acc(:loriiior 
n m r  thc clitiical lab. At ILASI., the 
iac-I i o i sot o p (2 s tea m has been st CI d y i rig 
way:; to makc! lotiger--livcxi positroti- 
em i t  1 i r i  g i sot o pcs I or r7 i od I cine. 

"Millring the cow" 
Orio way lo provide short-lived 

radioisotopcs to users i t i  all parts of thc 
couritry is lo maltc a long-livi:rl "paront" 
that rlcc;iy:.; to a useful, short-lived 
"daiightcr" which is o;isy to soparalo. 
U:;ing such a system io generate one 
isotope frorn another is callcci "tnilltiiig 
the cow." Pat Grant and Ilicliard Whipp)lo 
at CNC-1 1 have bccri loading the LLASIL 
effort in this direction. 

The parori t  and  dauglitor may be 
eif icie ri  t I y :;n pa ra t c:d by exploit i n!] t h c 
chernical differences lietween the two, 
yioldirig what's called ;I radiotiiiclidc 
gcnorator If a gcricraior is to be used fot 
bioiiieclical purposes, i t  niust rneot thrc:c 

iriiportnnt rcqiiirerricxils: ( I  ) tthe daughter 
r-iiLi:;t Lie ablo 10 be completely separated 
irorii the parotit; (1) tlic? separation must 
hc :;irnplc arid I-cliablo; and (3) the 
daughter must be ablo to he rapidly 
a~li~iirii:;tcrccl lo a paticrit i r i  CI i-)icilogically 
cnrnp;iiible iorrn 

Ion cxchango is one conirnon method 
of soparatirig p;iront lrotri tiaiJghter. 
()I  h c r t; i n c I crde d i st i I I i i t  i o n ;I rid so I ve r i  t 
extraction. Iri lor1 exchange, !he parent is 
adsorbed on ;I rcsin colurnti ancl 
"gctierains" tho tl:iuglitcr through 
r a tJ I or? ct i ve cl nc a y . At ce rta i t i  i rit e rva I s, a 
ciosc of the (itlugtiter can be romoved 
whtlc Icnvincl lhe parcrit activity on the 
colimiri to prot l i ic :~  acldiliorial daughter 
closes. The procc:ss of ion otchange 1:; 

:;i r ri i I ;a r to w h ;I t oc c II IC; i n cor 11 rn (2 rc i a I 
waier soflcnirig cqLiiprrient, where 
rnagiiosi~irri a r i d  calcium ions are 
rornovcd frorn hard water arid are 
replat:c?d with sotliurn ions to tnake soit 
walcr. 

Sttoritiurri-Il? was the f irst isotope 
prodiiced at I./\MW a n d  shippstl to xi 
ou!sitlo group (in 1974). C o ~ p l e d  with its 
clnuyhtcr, rubicliurn-07, it was the first 
hi o mctl i c; a I (1 e r l c ?  rat o r s ys t e r n  tl eve lo po d 
by CNC I I .  -I kit! genorator':; half-life IS 
a h i t  2 rnontli:;, aric the daughter can be 
tiiilltod from tl ic parent every 10 rninutcs 
during that p ' r i o d  

Promising imaging agents 

rubidiiim-87, an isotope being evaluatcd 
as a heart imaging agent and in kidney 
and tumor research at the Donner 
I..a bo ra t o r y of La wre n c c D n r It el e y 
I- a bo rat or y ~ M as sa c h use t t s G e ne ra I 
Iiospital; Franltlin McLcan Memorial 
Research Institute at the University o l  
Chicago; the University of California at 
San Dieyo; and Hammersmith Hospital in 
London, kngland. Other promising 
gericrators developed or under study 
here include hafniutn-i 72/liItetium-~l 72, 
g c r m an I LI m -6 8 / g a I I i u m -6 8, and 
cadm I um- 1 09 / si I v(! r -  1 09 in. 

Allen Ogard of CNC--1 1 has bccn 
studying the cadmium-silver generator 
systetn in hope of yielding a tracer that is 
soluble in blood. Other C N G I  I 
researchers, in collaboratiori with Milton 
Kahn at !he University of New Mexico 
and some of his graduate students, are 
developing a generator system for 
germ;inium-68, which results in g a 1 1 '  ium- 
68, a positron emitter. Grant and Whipplc 
are ovaluating separation techniques that 
are quick, efficient, and provide a more 
versatile product than commercial 
g e ne rat o r s c u r re r i  t I y ava i I ab I c . 

CNC--I 1 is t h e  only supplier of 
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I ' .  . . Nuclear medicine has the facility to produce studies 
of the body's actual functioning rather than merely its 
structure alone. This capacity for physiological investigation, 
now in the process of being greatly extended by computer 
technology, offers possibilities for patients with a wide 
range of illnesses, in particular, heart disease and cancer. " 

Q. 96, June 22, 1978 

History 

passed several milestones since the 
early part of the decade, when the 
isotope program was conceived. "We 
had a difficult time at first convincing the 
people at headquarters (then the Atomic 
Energy Commission) that LASL could 
make unique contributions to the nuclear 
medicine program," O'Brien recalled. "If 
it weren't for the support of people like 
Lcuis Rosen (MP-Division leader), 
George Cowan (now an associate 
director at LASL), Jim Sattizahn (CNC- 
1 1  group leader) and others, I doubt that 
we would have a viable program today." 

The Isotope Production Facility went 
into operation at LAMPF in October 1976. 
The program had begun two years 
earlier, but the first irradiations of targets 
revealed some problems. Ogard, together 
with Charles Cummings of WX-4, tackled 
the problems in a major reworking of the 
isotooe production system. Since then 

The Laboratory's research team has 

. ,  
tnere have been no Seriocls operat,ng 
difficulties. 

The Isotope prooucrion faciLty has nine 
ndepenaent target stations locatea at the 

end of tne accelerator's maln beam ,he. 
The targets, wh C h  are Inserted .nro the 
beam ana retrieved with a rali-ike 
transporter, have only minimal effects on 
orner exper ments being s ' m ~  tane0us.y 
conductea a i  LAMPF 

T0P:Behind theleadglass windows, the 
targetsare removed from thegold-plated 
copper"screwedcan."Twostacksof0.75- 
inch-diameterdisksand one stack of l- inch- 
dmmeterdisksform thecloverleafshape ( 1  J .  

One diskisstuck to the top of thescrewedcan 
(2). The targetcarrierbox (3)  is the firstall- 
aluminum one used by CNC-11. BOTTOM: 
Marty Ott usesmechanicalmanipulators to 
chemicallyprocessirradiated molybdenum 
disksand Isolate the bromine-77isotope. He 
mesa mixture ofnitric and phosphoric acids 
todissolve themetal. 
Photos by John Flower 

18 atom, July/August 1980 



€very ektitierrt 

i:;otopo from tho target is one of the most 
clifficillt steps i l l  the isotope production 
proc:c?ss. Complcx intetactions that yield 
inany isotopes result frorn irratlialiny a 
targct with ROO-MeV protoris. 1'01 
cxamplc, if i i  t i iclcl target Is irradiated, 
the toarr may c n d  up with as tnariy as 
29 nlernerit:; h(?iriy produced- everything 
frorn hydrogori tocopper. 

Isolating the dcsircd isotopes can hc a 
tirno-consuining task. 0ric:e a procedurc 
is c?slabli:;l-iod, Jack F3arnc!s and Glerin 
13cntley of (;NC 1.1 arc responsible for 
rrioltirig the procedure cornpaliblo with 
re 1-r iolo t i  ot -c c I I o pcra t io r 1 s 1 h cy have 
(levo loped rc rri o tc wct [:hem i st r y 
pr oc(x;scs for i sola t i rig brorn i ne-77, 
strontiurri--tl:', yttriurri .80 a n d  zirconicirn- 
88 frorrl rnolybdenuni targets. 'Tantalum 
t a rg r! t :; have y ie I tl cd  hi if I i i I I rn -. I 7 2 arid 
thc! rare carth olcrnent:;. Iton-!S% has 
comc! frorri a riickcl targtd Xetiori- 127 
has boen produced frclni a larithanurn 
oxidi! target. A targct r)f rubidiurn bromitlc 
I ia $1 y i e Id e d  g er rna n i u n i -6 ti, 

T Pic i I 1 le ri sc! rad ioa c i ivit y of th c targets 
Icrctitcs problcrns for tile ciicriiist. 
IWatcrials ~isually considered inert, sitch 
as 1 ctllori and olhcr pl:xtics, arc niatfe 
brittlt: ttirouyh radiatioti diimage. Ion 
exchange tosins becorne more 
suscepliblc to attack by corrosive 
chomicals. Vycor (syniticiic qi-lartz) 
glassware bccomcs :;o dilrk that it's 
impossible to see through. 

tht: target arid its holder while beirig 
irratliatotl by thc 400-.Ctilowatt protori 
beam Don Grisham of MP-7 antl Biuco 
Ertlal 01 C h l W  1 werc iristrumcntal i r i  

Tlris iinage af a white bbaralory rat was 
producod with C N C - I l ' s  Darnma irnagincl 
c;rrnor'a. Tho rat was injncted with 
pyrophosphate labeled with techrretiurn- 
W m ,  ;md the image was rnade 24 hoirrs 
la for. Iht? rii tiiopharn~aceutical prirnar'ily 
concentrated in the borres. 

atarnu, J u l y / A u g W  I98(1 

C h t: m i c a I I y i so I at i ng the des i rc d 

Ariothor concern is litsit depositcd in 

compound is injected 

Studying t h e  t imes  and rout 
arch it1 complex organs, suc 
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modifvina a comouter code for aliDhatic fattv acids for heart studies, and 
I V  

calculating proton-induced heating in 
targets. The computer program can draw 
a complete temperature profile for each 
target. If the melting point of the metal 
target is to be approached, CNC-1 1 first 
conducts experiments to determine 
whether heating problems might result 
during irradiation. 

The temperature of the water-cooled 
target often approaches 300°C. A loss of 
coolant accident could result in 
temperatures as high as 3000°C-above 
the melting point of most metals. 

Where to hang an isotope 
A developing segment of the LASL 

isotope program is the biomedical 
compound labeling effort. This research, 
conducted by Phil Wanek and Scott 
Wilbur of CNC-11, has produced 
significant results over the past three 
years. Their work focuses on attempting 
to understand the chemical mechanisms 
that can be exploited to tag radioactive 
isotopes to biochemicals; the synthesis 
of new labeled biochemicals; and the 
development of new "cold kits" that can 
be applied to diagnosing and treating 
disease. 

A cold kit, whether commercial or 
LASL-made, consists of non-radioactive 
chemical reagents that will quickly 
produce a labeled biochemical when 
properly reacted. Kits are measured, 
packaged and sterilized in advance. 
Exact instructions are provided to the 
user, who follows a sequence of steps so 
that the isotope can be incorporated into 
the biochemical agent just before it is 
needed. Cold kits are efficient packages 
that allow a user to quickly label and use 
the radiopharmaceutical before 
radioactive decay makes the product 
unusable. The LASL team has developed 
two kits for radioactive iodine. The first 
was for rose bengal (tetrachloro- 
tetraiodofluorescein), a dye 
used to study diseases of the liver and 
gall bladder; the second was a method 
for tagging o-iodohippuric acid, a 
biochemical useful in kidney studies. 

Wilbur is investigating labeled 
tetracycline for cancer diagnosis, 

specific sterbids for early detection of 
breast and prostate cancer. 

Imaging camera 

imaging camera that allows CNC-1 1 
researchers to study the movements of 
radioactive biochemicals in animals. The 
camera contains photomultiplier tubes 
and a specially grown crystal of sodium 
iodide, about 12 inches in diameter. 
Impurities of thallium in the crystal cause 
gamma rays, given off by radioisotopes, 
to be converted to a pulse of visible light 
through the process of scintillation. 
These light pulses, amplified and 
analyzed, result in x-ray-like images. The 
advantages that the imaging camera/ 
radioisotope combination has over x-rays 
are: (1 )  organs and structures that are 
difficult, if not impossible, to x-ray can be 
imaged, (2) series of dynamic, rather 
than static, images can be produced with 
a low-dose radioisotope, whereas a 
series of x-rays would result in the 
patient receiving higher radiation doses 
and (3) sites of abnormal functioning, 
which could not be seen on x-rays, can 
be detected early. Another advantage of 
radioisotope imaging is that it is a non- 
invasive technique. For a patient who has 
suffered a severe heart attack, a heart 
scan with thallium-201 is considered 
safer than alternative invasive 
procedures, such as angiograms. 

These results in nuclear medicine 
have required the cooperation of many 
specialists in different fields. The 
combination of unique facilities at LASL, 
the varied expertise and dedication of 
CNC-11 employees, and their 
interactions with outside researchers 
have resulted in a research program with 
the potential of further advancing the 
growing field of nuclear medicine. 

"That we have been able to 
accomplish certain goals is a tribute to 
the enthusiasm of all those associated 
with the program," said O'Brien. "We feel 
this is a frontier." 

The group recently acquired a gamma 
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-The Patient’s Viewpoint 
The Society of Nuclear Medicine estimates that on the average a nuclear 

medicine procedure is performed on one out of two patients admitted to U.S. 
hospitals. Last year, more than 37 million people were admitted to hospitals in this 
country. Perhaps you’re one of the millions of Americans who have had a tracer or 
scan. If not, and if you’re curious about it, read the following recollections of two 
Laboratory employees. 

Neither of these patients took a radioisotope produced by CNC-11, but perhaps 
some day you, or someone you know, will. 

Doris Wilhelm 
One morning in 1971, Doris Wilhelm 

found a lump on her neck. Her doctor 
told her to postpone her impending 
trip to Hawaii until the results of 
laboratory tests were in. One of the 
tests involved taking radioactive 
iodine, 1-131. 

recalled Wilhelm, now a 
“We had been up here for 24 years,” 

clerk/receptionist in ISD-7. “My 
husband was a chemist with the Lab 
at the time, working with radiation. I 
wasn’t afraid about taking it. 

“It  wasn’t hard to swallow. The pill 
was just a little larger than a vitamin 
capsule. I had to go back to the 
hospital, I think, 24 hours after taking 
it,” she said. 

Wilhelm recalled sitting in a chair in 
the basement of the Los Alamos 
Medical Center while a technician, 
using a hand-held instrument, traced 
the radioactivity. The results turned 
out negative, which meant the thyroid 
itself wasn’t affected. 

“I had no ill effects from taking the 
capsule,” Wilhelm said. “I think in  48 
or 72 hours, I was told, all traces of i t  
were gone.” 

operated on to  have the lump 
removed. “It turned out i t  was neither 
a thyroid problem nor a malignancy, 
just a benign lump,” she explained. 

“I was in Hawaii two weeks to  the 
day after they operated,” Wilhelm said 
“I was determined I was going to get 
there. We stayed three weeks. I 
probably got more radiation from the 
sun in Hawaii than I did from the 
iodine capsule. 

“I had no qualms about taking the 
capsule. Who had any alternatives,” 
she asked rhetorically. “Radiation 
doesn’t frighten me. If more people 
would become aware of how much i t  
takes to hurt you, they wouldn’t be so 
afraid of it.” 

Two weeks later Wilhelm was 
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Silvio i3altislvini 
About 10 months ago, after sufforitig 

two heart altacks, Silbio C3alcstrini wa:; 
prcparing to have bypa:;:; surgery At 
I3  rcsh y le  t i a t i  FI o pipi t a I i n A I b 11 q ue rq ii e, 
he had an angiogram, tirtt because ttie 
cathcttx didn’t roach 13altlstrini’s aorta, 
his pl iysic im decided to run a heart 
scan to ascertain i f  ihe aorta was 
partially blocked. 

Oalesirini is a metn lxr  of CNC-11 
hut does n c l t  work on the tadioisotopo 
prcigrarrt. 

“ I Iiey put rne on ;I lrt!adtnill, anti 
when I thouyht I coulcl go orily about 
30 seconds longer, I was  to tell them,” 
rlalestririi rocalled “Thcty already hat1 
tlie needle in my arm. All they had to 
do Wil:j push the plurigr!t ” 

Wheri the heart is beating rapidly, 
thalliiirn, like its chetnical cousin 
pota:8si~irn, tends to coneentiate in the 
I-reart 

“ r l iey  injected thalliutii chloride ” 
1lalc:;trini continued wilh a scientist’s 
precision, “ 1  calculated that I got 
about atom:, of tkie tatlioisotope 
7 he isotopc’ I had wa!; Ihallii im-701 
about a ruiilli-mic:rogr;ini (3x 
grams) It has a half-life of 73 hours,” 
E3ale:;trini cxplained 

“About 70 minutes Intc:r they placed 
mo under ;I sensitive qarnma 
cletectur,” I~a lcs l r in i  said When he 
saw Ihe image of his heart appcar on 
the screen, he got sc,ircd “7 here VVB:; 

81 dark shadow on om? sido,” tic said 
cI rzi rnati cal I y l i e  pa 14 m l  then 
clutched his hand to his breast “It 
was frorn wiy pen in my pocket,” tic 
c: t i  ci c k I ed 

I rorn the scan Dalestrrni said his 
cloctots learned that the aorta wasn’t 
bloclted, atid they goi  ;I good idea 0 1  
what they wvete going to find wheri 
thFy opened him up. t i c  was 
scheduled for surgery the following 
Monclay 

I he day a k r  Ihe scan, ht? stopped 
by his officct. “ 1  c47tne in here arid set 
of1 tho alarm (on i1 radiation 
dotcctor),” Onlostt ini recalled with a 
grin. “I knew I vvoiilci t-)ecau:;e i i  was 
only 24 hour:, Iiitcr arid I still had. . .” 
ho purir:hod o(il the figures oti tiis 
pucket calculator, I ‘ .  . I about 80 
perceiit of the activity.” 

The health monitors, who knew of 
Balestrini’s radioisotope scan, went 
along with the gag. They ran their 
detectors over him from head to toe as 
though he were a contaminated piece 
of equipment. “They even filled out a 
tag with the proper signatures and 
pinned it on me,” he said, “so I could 
legally get out of the lab.” 
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Posterization by Chris J. Lindberg 

Gallery 
of an 
Ancient 
Artist 
Photos by Dave Moore 

“. . . one of the great art treasures 
of the Southwest.” 
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It was ii  great day ftir ii  hiI\e Not tc~o 
windy, riot loo hot A watm spring sun 
illutriinatod the ti111 t3ancioliei tuf f  cliffs 
endosit ig Mortandad czrtryon It was :I 
perfect dCiy to accept ttlc 1 aboraloiy’:; 
invitation to explore L a w  Kivil 

Visitors carno by ttic? Iicindreds ( rhi? 
tiiriiocit was cstiniatccl at about 1500 ) 
T tioy lcft their cars b y  the roadside 
m c l  tiikotl three quart2rs of a tnile to 
tlic? CriVC L ~ I J I  ing the brief, 20-rninuPe 
hike, they left today bt!tiinci ilnd 
stcpperl back into a world 500 years 
old I hey fullowed ;I siatirr:il path 
etched into the tricsa by early Pueblo 
Indians. Along the way, 1 hey hctd the 
oppurttrnity to view a g d m e  pit, a p lwa  
site with the remain!; of a 
subtormnean kiva, and at least 50 
small m v e s  carved into the north sidr 
of ttic canyon’s face. L l u j  they came Io 
sco only orio. 

I wo 11-8 employee:,, Brent Rowoti 
and Ilorinld Van Etton, pointed hi kcre; 
in thc? rlgtlt directloti itncl helped got 
therri i t i  m c l  riut of ttic: c m c  Charlie 
C;tecti, consulting arcliaeolo!]ist for 
tlie Lilb, was oti hand to tell the story 
of Cave Kiva and atiswet qurstioris. 

‘I’hn long lino of those hoping to gct 
into ihc cave ri::prtxwriled a wait of 
orio to two huinrs. For ,those patient 
i l l id Torlunate 4119 who got in, it was 
wortli lhe wait. Inside, S t e m  explained 
t t io  sigriificarice of the c a w  ;itid its 
rock art. 

“As far ;IS I know, it doesn’t Lell a 
story.” liut Stoeti, as always, had a 

I he figures carvod in the wall are 
“ lr i i ly utiiyue,” tie told his willingly 
captivc ijudierlco. “There’s no other 
rock ari like it iri Ihc Southwest.” And 
fortunately for US it’s some of the best 
prc!st?rved. “It’s; alrnost iri the sarne 
r:ontlition RS wherr tho lndiatis lcft it,” 

I-3cfc!rring to the art, Steen rewiiirked, 

inaling story 1.0 ttjll. 
.. - 

h~ iItltlc?d. 
Tkic roa:;on ihnl it’s so well 

p rcso r vcd is “ p 1.1 re chance, ” ex p I a i n ecl 
Slocii. 11’s just Iiick that the surface of 
the! (;avc?’s walls never sloughed off 
liko those of so  rriany other (:aves in 
the-! a r m  

witlespread. “ 1 . t  appears in an area 
EI~IOLJ~ 10 miles iti length arid less than 
a mile tjas’t to wc!:;t. Arid it Wi3S 

Ttiis type of roc;k art is  not 

FAR LEFT:  A long line of hopefuls waits for 
the opportunity to get inside tho cave. 
LEFT: Kokopelli captures the hearts of 
visitors. 

years. Sam 
people thin 
was 8 reall person.” 
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“There’s no other rock art like it in the 
South west .” 

prevalent only from the late 14th to 
early 15th century,” said Steen. 
Archaeologists have been able to 
pinpoint those dates from pottery 
sherds found in the caves. 

The art in  each kiva was done by a 
different artist, said Steen. The artists 
used sharp, charred wooden stakes- 
and undoubtedly a lot of “elbow 
grease”-to carve their work into the 
smoked walls. 

Cave Kiva became part of the 
Laboratory’s domain around 1960, 
when the nearby truck route was 
constructed. About five years ago, 
after vandals hit, the Laboratory 
installed a grate to seal off the 
entrance to the cave and protect its 
contents for posterity. The 
inconvenience of the grate and small 
“doorway” restricted the flow of 
visitors. And once inside the 10 by 
12 foot room, visitors had to crowd 
together while listening to Steen’s 
story. 

They learned that the spotted 
animals drawn on the walls probably 

Charlie Steen, LASL’s consultant 
archaeologist, tells visitors the story of the 
cave. 
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rcprosorit jaguars, tho figure with tlio 
stiieltl body I S  a I oltw: x r r  god, arid 
the horned serporit is closely relalcd 
to t tw plurriod serpent that ofietr 
appears in Mcxicari init  

A\c:c:ordirig to Stceri, thcrc was nii ich 
i 11 te ract i o n bot wcxri t ti c I i 1c1 i ;~ ris I ri 1 t ic  
Soiitliwcst a r i d  those in ~\ncxicu A s  
further proof of thcir itilcractioris, l ie 
ex pl R i i icd , 1 ci rq c i o i  se at id  I ead r) rovcxi 
io t ic f m m  tninc!ral wcrrkirigs around 
Earitin I C  tiavo been iound i t 1  pre 
Go I u in t i  iii n art. 

cave IS that of tioltopolli 
riatno. "I le apparctitly was sotneutnc 
who Ch;i:,e(I thc girl:;," 3eerr said wiih 
a gle;itn in hi:, cyos P,lvv:rys shown 
sexitally arousod, Kokopelli wiis ttic 
" ~ ~ i l t t i r c  hcto" or wx sytobol of tiis 
day O r i  uric wall a clith beaver sneak.; 
i,p b ~ h i i i d  Kokopctlli, ready lo strike 
I krh;tps a je;ilous tiu:harid'~ "1 tie 
Kokopclli cult was wiifcspreird for 
sovoial Jiuridrcd years Somc pcople 
fhitik tic wii:; a roal pcrwt i , "  S.ic:oii 
c x p I ;i i nod 

"I've said it so rriariy i i r n e s  that it 's 
almost 11 cliche," repealed Stcvti for 
prripliasis r3lit fur t h o x  wtio hatlri't 
heard hi>, opinion, ho coritiniietl "I 

Portlap:, tho favoritch dtawitiy iii the 
a I lopi 

coi?siclcr C;avci tCiva orie of ttrc great 
ai  I trcxxures of ihe Southwest " 

I or those wtitr wc?rcti't fortunate 

Pctroglyphs Cove1 thc walls of Cave K ~ v a  
rho spotted ciri ima/s may be laguats, done 
/ n  the Mortandad style of kiva d r t  

cmoiigh io gel intri thc cave to vicw 
I h t : 1 rc a s ci rc, S ice YI t i  as  a r i  t i  o ii n c ed 
,i Ii ::it i h e y ' I I t i avo a r i ot k i  i? r c) p p o rt ii n it y . 
Chor :I tWo-yc!ilr period, tours will be 
scheduled for the I-ahoratory's four 

pop LI I a r arc I-taeo I og i ca I s i t c -  
.Tsirogo, Nakirriuu (at :;-Site), the ruins 
at IWI:IIMEX, atid theti again Cave 
K i vii. 

Fur Ihose vvl~o can't wail, ! i tem 
I-iirilod ltiat pcoplc witti long necks or 
lhosc with a long board arid some 
pcrsistetice ciiti ciIt(:ti ii glirnpso, 
wheriover thoy wish, of the capricious 
KO ko pel I i arid f vie iids, e ter na I I y 
cavorlitrg oti l l i c  wall:; of their 
r) ro tc? c: ted c avc! . 

-JJM 

27 



”If w e  are reasonable and if w e  want to survive, 
then yes-we have to go out into space.“ 

THE 
1 1 

Space transporter concept: materials are loaded into carrier canisters. 
lllustration by Krafft Ehricke 

Krafft A. Ehricke has dreamt of 
rocket developments and the 
industrialization of space for 40 years. 
Many of his dreams are now history: 
what fates await his other visions 
remain to be seen. 

but man has to do with space,” 
Ehricke has said. We have lost a 
decade in that quest, he added. 

Ehricke, a LASL colloquium 
speaker, talked at length with The 
Atom about his ideas. He founded and 
is now president of Space Global Co. 
of La Jolla, Calif. Ehricke has been 
involved with many technological 
development projects. He participated 
in  the German V-2 rocket program 
during WW II at Pennemunde. In the 
U.S. he later worked on ramjets, the 
Air Force Dynasoar Project, the first 
ICBM Atlas, the Centaur and on 
advanced concepts for the National 
Aviation and Space Administration. 

He has also pursued the human 
aspects of space colonization and 
industrialization, often illustrating his 
ideas with his original artwork. He 
believes people will eventually live in 
space, both to assist global economic 
growth and as a new cycle in human 
existence. 

“Space has nothing to do with man, 

Atom: You have said we lost a decade 
not only in  terms of the space 
program but in nuclear research as 
well. 
Ehricke: Some of the physicists here 
came to me after the colloquium and 
said, “We haven’t lost 10 years, we’ve 
lost 20.” There’s much that’s gotten 
lost. The graphite block reactor, the 
high temperature gas reactor, the 
breeder reactor. The French are now 
building nuclear power stations to the 
tune of three to four per year. The 
Russians are doing the same thing: in 
fact, the Soviet press made a point: 
“The West is so confused about 
nuclear power, they don’t move. We 
know that nuclear power is important: 
it’s our advantage. And we have the 
resolve to build stations and break 
economically more into a state of 
evenness with them. In armament we 
already are.” So they see a chance in 
the nuclear area. I’m personally so 
very bitter to hear this country and 
some others in the Western world 
downgrade nuclear energy, but they 
have not a word to say about the 
buildup of nuclear plants in eastern 
countries. 
Atom: Do you believe the waste part 
of the nuclear cycle is the Achilles 
heel of nuclear power? 
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Ehviclre: 1'hc:ro are throe things that 
scare tJeUplf?. Number o n 1 2  is 
pl u toni 11 m-.2:39, but yoi i  could breed 
t hori 11 in-232 arid get ci ra t i  i irtn-.233 81; 
fuel instead, but our govcrnment 
unforitrnately has not !;een it 
riocossary to rcally push it. Point two 
is the safety of reactors. It absolutely 
iirniizos me lhat in a country as big as 
this arid with so many remotc! arcas 
still available that we are not building 
nuclear parks somewhere. A little 
i r reg u I iir it y (arid that's what 1- ti ree Mi It: 

riot have caused a ripple then. Of 
course, I'm against building a plant on 
an i.ic:l,ive fault; that's silly. Point tlirec 
is i t i t !  waste. Nuclear cnorgy is 
extrctnely benign cnvironn-ientally 
because there are no tmissioris, iio 
gi~sos, until you cotno io thc subject of 
waste. We do have toctiiiologies that 
can remove 90.9 percent or better of 
tho uratiiutn and plutonium from tht? 
spont fuel. VVhal's Icfi. are tt ie other 
long-terrri actinides. After about 1,000 
y w r s  of storage most 0 . 1  the iJilsty 
fi:jsioi-i produc;ts have clocaycd. After 
that tlhe actinides, with telatively low 
radioactivity, inay last up to !i00,000 
years. Their level cveriluaIly 
approaches that of a rraturel uranium 
d e p 0::; if, w t i  i c t i con ta i ris ti bo 11 t 0.2 
percent ciraiiiutu in tkic r'ock. So aboirl 
0.4 pc!rcent of the total file1 rriass in a 
react or g ivcs yoci t ro ci 1.1 I e. -1. hat yo LI 

coiild easily dilute in i i  glass matrix as 
oxide:;, put into a space shuttle, atid 
laurich into an orbit between Venus 
and Ehrth, or into orbit for Jupiter, 
and have that planct tl-irrsw it cntircly 
out o.f the solar systern. While I ami not 
hysterical about this waste, I feel tticve 
are places ori Earth oirtsidc ihe  
biosphere, in the basalt layers of ttie 
occari rtrck:;, in salt di~mli.s, or i t i  
space, tlhat to me appear silfe enougli. 
8,tam: What's the alternative to 
nuclear power developmont if it is 
Y ta I e m ai.ed '? 
Ekricke: I thiirk the alterrialive is 
going to be, excuse ttie c?xprcssion, 
otic: hell of at1 energy gap. 
CI n em ploy rule nt. Red ucti on i ii t lie 
quality trf life. Pressure on the 
environtnent. I ' h e  burdc:ti is going i o  
be oti tho poor. 'There vviII be 
continued clependerico on foreign oil, 
con fro n tat i ori s ,  r n  i I ita i'y act iori to 
safeguartl i t i e  Middle [last. In 1924 
(;e r t i  ia t i  y prod iiccd t ti e f i rst ga:;o I i tie 
froin coal and in 1941 produced tens 
of  millions of gallons (91 gasoline. At 
t h e  end of I.ho war tho Allies forbade 
c.otittnuatiun of this tt.:chnology. What 
F'rosident Garter now wants to do with 

Island Wi+s, not i1n apo(;illypsC?) ~ 0 1 1 l d  

Kr i t f f i  I / i r / cko  cltctairrs dniiiins of lornorrow while rcmaining open-eyed about today. 
f'lrnto b y  h R o y  N. :;anc\tt:r 

Coill, I think, is risght, but we should 
have done it a lorig tirric ago. 
Utiiorlunatcly, i f  you want to do it that scare people: 
e(;onorriically, yoir tiavc to do it in the 
westcrri areal; more than the eastern 
1J !S , but the soci;tl factor irivolves an 
ini lux of engii ietxs antj rniners 1 tiere 
arc! u II v i rot i tmi e n I a I c) bj c?c t i o t i  s arid 
I i ri I i tct  i water C ~ L I  p 111 I es The t easo na b le 
tlitn<l is  to get heat for Iiqircfaction 
f r() t i l  tl I y t i  t e tri pe rat u rt: n uc I ea r 
rcxtcrrs, iiot frorti coal 
A t m i :  How did we lose the 10 years in 
space developtrierit, and what will the 
space shuttle i j r )  for us now') 
Elitidre: Wc lost ihe decade because 
wo did not alltrw thc lunar prugram to  
sr?elc its natural continuation in a 
space station procjrani. Very 
t c! I ucta rit l y, at id a y ai nst wi  uc t i  
te:;ist;irice, ttw Skylab at least was 
pcxrviittod Hiit iristead of a long-term 
space station ptoqrarri which would 
have led by 1913 to a strpply ship 
using pethaps Cictnini capstiles and by 

39, the safely 
I #  

0%: r f : a ~ t ~ r s ,  and waste. 
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Impression of domed-space colony, perhaps on  the moon, with buildings and greenery creating a pleasant interior atmosphere. 

1976 to a second Skylab, no space 
station was to be permanently 
inhabited. In the Apollo-Soyuz 
program it was the US.  which 
provided 90 percent of the work. The 
Soviets just provided the Soyuz. We 
had the docking adaptor and the 
launch vehicle. Before you can get 
returns from spacebound 
manufacturing or energy production 
you need a development period. That 
could have been done in the 1970s, 
and the space shuttle could have been 
put to work for paying activities, 
almost immediately after it became 
operational. Limits to growth, anti- 
technology movements, and the stated 
social irrelevance of the space 
program made it virtually impossible 
for Congress to allocate the relatively 
few billion dollars that it would have 
cost for the second Skylab. 
Unfortunately, in  the 1970s the 
American people didn’t have the 
resolve or the insight or the 
understanding of space 
i nd ust r ial iza t ion. 
Atom: What are the prospects of this 
changing ? 
Ehricke: Gradually it sank in that 
space industrialization does look 
promising after all. In 1975, all of a 
sudden, it was “discovered.” Now you 

30 

can’t talk of anything else, but we lost 
the decade. The shuttle has run into 
problems which delayed its 
launchings. But the big bright spot in 
the overall picture is still the shuttle. It 
is a transportation system that allows 
us routinely, and I hope at a future 
reduced cost, to get into space. But 
we also need money for immediate 
energy projects now, and we have 
been neglecting our industrial 
investments, making it harder for free 
market forces to operate. I’m 
beginning to look more toward the 
military. They have very urgent tasks 
for the shuttle in  connection with our 
strengths in defense, and I hope this 
helps keep the shuttle rolling even i f  
the space industrialization program 
might possibly suffer under budgetary 
limitations. The shuttle is our way out, 
after all. I do not see the space 
program going into an easier time, 
because the shuttle has to operate for 
years in  the civilian area and only 
con su m in g money- b ri ng i ng 
nothing-because of the lost decade. 
Atom: You’ve said that man will not 
stay Earthbound, that a new species 
will arise in a space environment, that 
biological and social changes will 
occur. How inevitable is your 
forecast? 
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Ehriclrc: It is riot inevitable. I doti't 
happeti tu bclieve in scimeone who 
takes care c.)f cis up there, no tnatter 
how silly arid stupid vlic are. If we want 
io tical ourselves out of a tremendous 
future, we are perfectly free to do  so. 
If we are reasonable, htrwevor, arid if 
wc waiit to survive, theti yes---we have 
to g~ out into spacc. 'rticri wc will 
cxperiericx, let's say i i i  an cxtra- 
tc? r rm t  r i d  cri vi roi l  in c n t I i It e t I-ia t of the 
rnoori undcr one-sixth of tho Earth's 
gravilational field, what I call ari 
"a r i  tt I ro pol vg ical dive i g c rice. " I don't 
nieari people will beconie green or 
grow thrcc eyes or get :-rriotl-ier arrri. 
The tlivoryt!ticc is typically human; tho 
specios evolutiori was typically 
biological. f3mi on FLirtt-i yoti have 
deviations in skiti color, bonr! 
structurc: ai-id civilizations. It is naive 
to tioliovc w c  ciiti live or) the mouri 
and stay exactly as terrestrial t1urnari.i. 
Tho hutnati body is a clietnical 
machitlo arid rnust be irt equilibrium 
with its cnviroritrient, so  our bone 
structuro arid fluid composition arc 
boutid to change. 

l'rn talking about the state of 
advariced iridustrializaticIIr1 where 
peo p I e a re ijpe ri  ti i n g J row i ri!y portion I; 
vf ihoir livcs oti the rrtvon, boing 
evcntcially born on the wioori, arid 
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growing up ori 1111: i~ ioot i .  If you would 
look at such a pcrsoti closely, he or 
she rriighi. bc stnalhr,  have lighter 
bot io structure, pr!rliaps tiavo 
difforeiices in b l (~o t l  coruipositiori. You 
WOII Id alsu f ind i r n  ni uriological 
difforciiccs t~ecnusc! now bacterial arid 
vir;jI straitis will ovolvc in theso extra- 
terrestrial orivironr-rronts. On Etirlh, 
wc'rc lecxriing witli all sorts of terrible 
rr i i c: robe s arid tl i :;c:iic;es , t i  I it we've b u i It 
up tlic? atii.ibodiE!:; against them. 

'T.here arc sotnc intc!rc!sting 
Cori:;equwiccs for Soleriopolis, tny 
proposed 111 na r sctt lo tneri t. 'l'tic 
St:lt:rii;in way warit to "experience" 
tiart t i t io  log raph ical ly--- t ho forrsts, 
si-low-capped triouritains, occ:ari 
box t i os .  h i t  ho or she may want such 
ari c:xpc?ricti(;o in tho safety and 
corriforl of the or1iMxtt-i gravitational 
crivi tuti rriont to which I u nar 
i ri Iiabi ta tits arc i in t r t  i i  no log i ca I I y fit , 

OIK? thing very Iitndarncntel is that 
on Ih r t t i ,  tho biolsplrere was fit-st and 
rnati second. C h i t  there, man will tic 
first, atid his crei1led biosphere will be 
second. Mati now has to becorne the 
creatot of what is provicled on Earth 
frcf!. And what is provitlod fret! is 
always rriisusecl, r d  retxigriized or 
valtic~d. Wc were tiorn with a silver 
sporrti in our rnotiitrs and we behave 

accotdingly This docsri't meari they'll 
have no conflicts up  there, but they 
may look at this planet as fascinating 
arid unbeliovably cruel Maybe there 
might c o r m  a time to limit, in spacc, 
the people who are working only on 
behalf of karth Because they ntight 
cat ry their hatreds, their prejudices, 
thoir historical distortions that thc 
endless war of 500,000 ycars or more 
tias f iozcn into their being, like a 
magnetic field is frozeti into a solar 
wind 

and stay little Earthmeti, with little 
houses, pic.ket fences and simulated 
mountains and brooks seems to be 
terrestrial c.h,iuvinism. Wc can't now 
irnngine that anything could be 
different from us A cornpletcly 
different creature will not arise, but 
there woukl be initnunological 
d i f f e re n ce s , p h y s i ca I d i f f  e re n ces , 
aesthetic differences, arid there will be 
philosophic differences because man 
now has to be the all-out creator of 
worlds And he does no longer have 
what I call a biological silver spoon in 
his mouth He's got lo do  it himsclf 
And boy, docs that sober you up in a 
hurry1 

To assiitne peoplc will go into space 

-JLP 
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Years 
Ago 

30 
Safety Record Set 

employees have set a new safety 
record-more than a million staff 
hours without a single disabling 
industrial injury. This record, 
extending over 75 days, covers the 
longest period in the Lab’s history in 
which no accidents have been 
incurred. 

Los Alamos Scientific Laboratory 

Speculations on open city 
The Atomic Energy Commission has 

decided to  pul l  the government out of 
the municipal affairs of Hanford, 
Washington; Oak Ridge, Tennessee; 
and Los Alamos. Residential and 
business properties will probably be 
sold to private citizens, though such a 
move will not occur for at least several 
years. Speculation is high among 
residents and concessionaires about 
the possible influx of curiosity seekers 
and competitive businesses when Los 
Alamos becomes an open city. 

Student boom 
The fastest growing school 

population in the state is in  Los 
Alamos County. County school figures 
for the 1949-1950 school year showed 
1,456 students, a jump of 516 over the 
previous year. And school officials are 
predicting another increase of 35-40 
percent for the coming year. 

20 
Bullding boom 

A Santa Fe architect/engineering 
firm has announced that 52 new two- 
bedroom dwellings will be constructed 
in Los Alamos. They include 20 single 
houses, 20 units in 10 duplexes and 3 
“quad” apartment buildings. 
Construction is expected to  be 
completed in seven months. 

The increasing White Rock 
population is resulting in new 
businesses springing up there. The 
Los Alamos Community Center 

Cafeteria opened a cafeteria in White 
Rock, and Spier’s Department Store is 
planning to open a White Rock 
branch. Three dormitories now house 
100 people in Los Alamos’ satellite 
community; two more will be 
completed soon. 

Cheaper in Los Alamos 
A Bureau of Labor survey compared 

the cost of living in Los Alamos with 
four major cities. Results showed that 
i t  would cost more to live in a 
comparable manner in  Los Angeles, 
Chicago or New York than in the 
“Atomic City.” Denver proved to be a 
little easier on the pocketbook than 
our city. Although shoppers in  Los 
Alamos pay more for food than those 
in the other cities surveyed, residents 
here pay substantially less for 
housing. 

10 
Bradbury receives Fermi Award 

Norris E. Bradbury, Director of the 
Laboratory, received the Atomic 
Energy Commission’s coveted Enrico 
Fermi Award for 1970. The award 
includes $25,000, a citation and gold 
medal. Bradbury was cited for “his 
inspiring leadership and superb 
direction” of the Laboratory for more 
than 25 years, as well as for his 
contributions to national security and 
peacetime applications of atomic 
energy. Bradbury was the fourteenth 
recipient of the award. 

Rover Program 
CMB-1 analysts use a whole 

element counter to  measure uranium- 
235 in fuel elements for the Rover 
program. Designed and constructed 
by CMB-7, the apparatus measures 
the total flux of 186-keV gamma rays 
given off by the U-235. In 10 seconds, 
less time than it takes to put the fuel 
element in the apparatus and take it 
out, CMB analysts can measure the 
amount of U-235 in the element within 
three tenths of one percent standard 
deviation. 

Taken from files of 
Los Alamos News, LASL Community News, 

and The Atom. 

Among 
- .  Our 
k i t  or s 

DOE officials got to test drive LASL’s 
hydrogen-powered Buick while visiting 
the Laboratory. Here, looking under 
the hood, Walt Stewart o f  P-10 points 
out engine modifications to Ma]. 
General William Hoover, USA F, 
Director of Military Applications (left), 
and Duane Sewell, Assistant Secretary 
for Defense Programs (third from left), 
while Gary Granere, Deputy Area 
Manager, LAAO, looks on. 
Photo by LeRoy N. Sanchez 

etclll 
Harry C. Hoyt has been named 

Associate Director for Energy 
Programs. Since December of 1979, 
Hoyt served as acting Associate 
Director for Energy Programs; prior to 
that he was Assistant to the Director 
for Policy. 

Laboratory programs in energy and 
Hoyt is responsible for all 
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f rom his  position as division leader to 
devote nioie of tiis time to physics 
rcsearch Division member George 
Bell bccillne division leader 

Amory U. Lovins spoke at a special 
colloquiiriri held in May. Lovins is a 
rcprcsentative of Friends of the Earth, 
lric., a U.S.  nonprofit conservation 
lobbying group, and is also vice- 
president of the associated FOE 
Found at i o n , an cd ii c at i o n a I charity . 

An experimental physicist, Loviris 
has concentrated on eriergy arid 
resource strategy. He said we must 
"stop living in sieves arid driving 
petro-pigs." 

An advocate of "soft" energy, he 
believes the soft eriergy path 
~.mphasizes high energy productivity, 
is cheaper, faster, socially and 
politically more attractive and offers 
leverage against proliferation of 
r i  uclear weapo tis. 

In a special colloquium during the 
0 I tl t i niers' Reu n i o 11, R r i gad i er Genera I 
John H. Dudley (Ret.) recalled the 
problem:: and cvents that led to t h e  
establistirrient of Project Y .  

Vetetan weapons enyineer J J 
Wechslcr has been narned head of the 
Design I rigiriecririy (WX) Division 
Wechsler takes the place of lorig-time 
LASL employee Eugene Eyster, who 
tias led the division since its formation 
eight ye lm ago Formerly, Wechslet 
served as assistant division leadet in 
wx 

patents 
Patent 4,10:3,6/1, "ltrtcrferorneter for 

the Mea*;urcment of Plasma Density," 
was dwardecf to Ahrarn R Jacobson of 
(;I R-7 

Patent 4,189,652, "Uearn Splitter 
Goupled CDSE Optical Parametric 
Oscillator," was awarded to Nicholds 
J I-cvinos and George P Arnold, both 
of AP 2 

Patent 4,189,685, "Self-Protecting 
Transistor Oscillator for Treating 
Animal 1 issues," was awarded to 
Jdmes Cl DOSS of MP-3 

Pateni 4,189,686, "Combination Free 
Electron and Gaseous Laser," was 
awardcd to Charles A Brau arid 
Stephen D Rockwood, both of AP-2, 
and Willrain E Stein of A I - 1  

erratdaddenda 
Cover photo of the May/June history 
issue of The Atom was by LeRoy 
Sanchel 
~ _ ~ _  - ~- 
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